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doi:10.1016/j.kjms.2011.06.012Abstract Labor and its associated pain are thought to have unique impacts on parturient
women. The goal of this study was to investigate the effects of labor and associated pain on
differential gene expression profiles in the maternal, fetal, and placental compartments.
We used microarrays to analyze maternal blood (MB), fetal cord blood (CB), and placental
tissue samples in pregnant women after term vaginal deliveries (laboring group) and in term
pregnant women after scheduled Ceasarean sections (nonlaboring group). The upregulated
genes in the MB of the laboring group are involved in cytokine and nuclear factor-kappa B
signaling pathways, regulation of the networks of toll-like receptor 4, and suppressor of cyto-
kine signaling 3. Upregulated genes in the CB of the laboring group are involved in responding
to stress and stimuli by regulating the network genes of the T-cell receptor beta locus and the
FK506 binding protein 8. Differentially expressed genes in the placenta of the laboring group
are involved in nitric oxide transport, gas transport, response to hydrostatic pressure, oxygen
transport, acute phase responses, and the tumor necrosis factor-mediated signaling pathway,
which are important during the transient hypoxemia and hypoperfusion that occur in the
placenta during uterine contractions. Interestingly, few of the genes exhibited simultaneous
changes in all three compartments, indicating that different pathways and complext of Obstetrics and Gynecology, Chang Gung Memorial Hospital, Lin-Kou Medical Center, 5 Fu-Hsing
an.
tw (T.-H. Wang).
vier Taiwan LLC. All rights reserved.
Gene expression profiles in human labor 495interactions may be involved in human labor. In conclusion, human labor and its associated
pain elicit unique gene regulatory changes in MB, placenta, and CB.
Copyright ª 2011, Elsevier Taiwan LLC. All rights reserved.Introduction
Human parturition is a distinctly human event [1], and the
labor pain is one of the major stressors perceived by women
during pregnancy and delivery [2]. On average, the labor
course before the delivery of baby (first and second stages
combined) can last for 9.0e18.8 hours in nulliparas and
6.0e13.5 hours in multiparas [3]. At the peak of uterine
contractions, uterine pressure can reach up to 80e100 mmHg
and occur as frequently as five to six contractions per 10
minutes [4]. We hypothesized that human parturition-
associated uterine contractions and labor pain might exert
significant physical and biochemical impacts to the mother,
the placenta, and the baby.
Peripheral blood contains all types of blood cells and
other tissue cells that may enter the circulation; hence, the
gene expression analysis of peripheral whole blood provides
us with an in vivo global perspective into the body’s
responses to physiological stressors or pathological insults,
including infections and cancers [5]. Recently, mRNA gene
expression profiles of whole blood of patients with various
diseases have been shown to correlate well with the status
of the diseases [6e8]. Therefore, it is feasible to analyze
gene expression profiles in the peripheral blood of the
mother and the baby to understand thewhole-body response
to particular stressors, such as the labor pains and physical
strains of themother or the physical compression to the baby
during birthing through the vaginal canal.
In an attempt to explore how uterine contraction and
labor pain cause physiological changes in gene expression in
the parturient, the placenta, and the baby during the
birthing process, we have used complementary DNA (cDNA)
microarrays to compare and contrast the gene expression
profiles in maternal blood (MB), placental tissue, and cord
blood (CB) of the fetus between two groups of pregnant
women undergoing either normal spontaneous deliveries
(laboring group) or scheduled Caesarean sections before the
onset of labor (nonlaboring group).
Materials and methods
Patient recruitment
We recruited patients who were given prenatal care and
planned to deliver at the Department of Obstetrics and
Gynecology, Chang Gung Memorial Hospital, Taiwan. The
study was approved by the Institute Review Board of Chang
Gung Memorial Hospital (IRB#94-926B), and recruitment
was carried out by obtaining written informed consent. We
collected, in total, 18 cases of healthy women with term
pregnancies (defined as 38e42 gestation weeks), including
nine women who underwent normal spontaneous vaginal
delivery (laboring group) and nine women who underwent
scheduled Caesarean section before the onset of labor
(nonlaboring group).Specimen collection
We collected samples of maternal peripheral blood,
placental tissues, and fetal CB from each case. A total of
2.5 mL of CB was collected immediately after the umbilical
cord was clamped and cut. A sample of 5 mL of MB was
collected by venopuncture immediately after the placenta
was delivered. Then, four to five pieces (about
0.5 0.5 0.5 cm each) of placental tissues were cut from
the maternal side and the central part of the placenta,
snap frozen in liquid nitrogen, and stored at 80C until
RNA isolation. Blood specimens of CB and MB were stored in
PAXgene blood-collecting tubes (PreAnalytix, Hom-
brechtikon, UK) at 80C until RNA isolation.
RNA isolation and DNA microarray analysis
We used PAXgene RNA Isolation Kit (PreAnalytix) to isolate
the total RNA of MB and CB, and used the Trizol and
RNAeasy kit (Qiagen, Valencia, CA, USA) to isolate RNA from
placental tissue. The quality and quantity of total RNA were
evaluated with the Agilent Bioanalyzer 2100 (Agilent, Palo
Alto, CA, USA) before being analyzed for gene expression
with Genomic Medicine Research Core Laboratory Human
7K version 2 microarrays [9]. Each specimen was compared
with a commercial Human Universal Reference Total RNA
(BD Clontech, Palo Alto, CA, USA) in a dye-swapping
experiment [10]. We labeled mRNA with a detection kit
(Genisphere, Hatfield, PA, USA), scanned slides with
a confocal scanner ChipReader (Virtek, Ontario, Canada),
and acquired the spot and background intensities with
GenePix Pro 4.1 software (Axon Instruments, Inc., Foster
City, CA, USA).
Data normalization and statistics
To carry out within-slide normalization, we used a local
weighted regress (Lowess) method, where changes of
intensity were assumed to be symmetric for all spots. Thus,
normalization was performed for each bin of spots. After
normalization, we averaged the four technically replicated
log ratios of each gene (two from duplicates on the slide
and the other two from dye swapping) and then performed
a Student t test on each gene to compare the laboring and
nonlaboring groups [11].
Real-time quantitative polymerase chain reaction
analysis
To confirm our microarray data, we selected six genes
[Defensin, alpha 4; alanyl aminopeptidase; fatty acid-
coenzyme A ligase, long-chain 2 (FACL2); platelet basic
protein; growth differentiation factor (GDF15); and adre-
nomedullin (ADM)] for real-time quantitative polymerase
chain reaction (RT-Q-PCR) analysis with the HT 7900
Table 1 Demographics of the parturient, the labor
course, and the baby (mean standard deviation)
Laboring Nonlaboring p
Case number 9 9
Age 29.1 4.5 32.0 3.5 0.149
Gravida 2.4 1.2 2.8 1.1 0.553
Para 1.3 0.5 1.8 0.4 0.063
Gestational age (wk) 38.8 1.0 38.4 0.5 0.379
Labor (min) 429 217 0 0
Fetal body weight (g) 3,313 328 3,213 389 0.563
Apgard1 min 9 9 NA
Apgard5 min 10 9.9 0.3 0.332
NAZ not available.
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City, CA, USA). One microgram of RNA was mixed with
Moloney Murine Leukemia Virus reverse transcriptase
RNase H Minus (Promega, San Luis Obispo, CA, USA) and
random octamer primers to generate 100 mL of first-strand
cDNA. RT-Q-PCR used 0.5 mL of the first-strand cDNA
synthesis mixture as templates and was mixed with TaqMan
primers (Assay-on-Demand; Applied Biosystems). Each
reaction was carried out in triplicate, and the relative
quantitation of gene expression was calculated using the
comparative CT method [12].
Immunoblotting for GDF15 and ADM
The placental tissues were rinsed several times with ice-cold
phosphate-buffered saline (pH 7.4), mincedwith fine scissors
and lysed for 30 minutes in lysis buffer. Protein concentra-
tions of the lysates were measured with Bradford methods
(Bio-Rad, Hercules, CA, USA) and separated on a 4e20%
gradient sodium dodecyl sulfate polyacrylamide gel
electrophoresis and transferred onto nitrocellulose
membranes (Amersham Biosciences, Piscataway, NJ, USA).
Nitrocellulose membranes were blocked with Tris-buffered
saline containing 0.05% Tween 20 and 5% nonfat dry milk at
room temperature for 60 minutes before being incubated
with specific antibodies. Specific antibodies used in this study
were as follows: anti-GDF15 (R&D Systems,Minneapolis, MN,
USA); anti-adremedullin (Abcam, Cambridge, UK); anti-
b actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA); and
various horseradish peroxidase conjugated secondary anti-
bodies (Santa Cruz). Bound antibodies were visualized using
the enhanced chemiluminescence system (Amersham
Biosciences).
Network visualization and analysis
Network analysis of differentially expressed genes was
performed using the MetaCore Analytical Suite (GeneGo
Inc, St. Joseph, MI, USA), using previously reported proce-
dures [8,13e15]. In brief, after selecting the genes with
p< 0.05, we ranked genes by fold change and chose the Top
20 genes that were upregulated or downregulated in MB,
CB, and placenta, as previously reported [16]. Then each
group of the selected 20 genes was analyzed using the
MetaCore program. For the network analysis of a group of
genes, MetaCore can calculate the statistical significance (p
value) based on the probability of assembly from a random
set of genes of the same size as the input list.
Results
Demographic characteristics of the laboring and
nonlaboring groups
Nine parturient women were included in each group of
laboring and nonlaboring patients. No statistical signifi-
cance existed between the laboring and nonlaboring groups
regarding the maternal age, the number of gravida and
para, gestational weeks, body weight, and Apgar scores of
the baby (Table 1). The only significant difference was thatthe labor courses in the laboring group ranged from 150
minutes to 673 minutes (mean standard deviation,
429 217) but it was 0 minute in the nonlaboring group.
Two women in the laboring group underwent epidural
analgesia for pain relief at 190 minutes and 73 minutes
after the initiation of labor pain, and their labor courses
lasted for 345 minutes and 610 minutes after epidural
analgesia.
Real-time PCR for validation of microarray results
For each of the genes Defensin, alpha 4; alanyl aminopep-
tidase; FACL2; platelet basic protein; GDF15; and ADM, the
average fold changes generated by microarray analysis and
those generated by RT-Q-PCR were plotted on the x- and y-
axes, respectively (Fig. 1A). The correlation between
microarray and RT-Q-PCR results was statistically significant
(pZ 0.00016), with r2 value of 0.9797, validating the
expression levels determined by the gene expression
microarrays.
Confirmation of differential expression of genes by
measuring protein levels in placentas between the
laboring and the nonlaboring groups
Western blot analyses were used to confirm differential
protein expression of two representative genes in three
pairs of placental tissues obtained from the women
undergoing vaginal birth and Caesarean section. The
placental tissues obtained from the laboring group
expressed higher levels of 14-kDa ADM than those from the
nonlaboring group (Fig. 1B). Similarly, placental tissues that
were obtained from the laboring group expressed higher
levels of the 16-kDa GDF15 than those from the nonlaboring
group (Fig. 1B). Both results were exactly in agreement
with the results of cDNA microarrays.
Genes of differential expression in MB induced by
labor and functional network analysis of signature
gene expression
To generate the list of differentially expressed genes, we
ranked genes by fold change and chose the Top 20 genes that
were upregulated (Table 2) in MB during labor. Upregulated
Figure 1. Validating microarray results with real-time quan-
titative PCR and Western blot analysis. (A) Eighteen samples
(nine laboring and nine nonlaboring) were used to perform the
RT-Q-PCR assay on genes DEFA4, ANPEP, FACL2, PBP, GDF15, and
ADM. Averaged relative CT values (DCT) from triplicates of each
sample were used for statistical calculation of DDCT values
between the laboring and nonlaboring groups. The averaged
DDCT values between the two groups were 1.88 (DEFA4,
pZ 0.018); 0.88 (ANPEP, pZ 0.005); 0.89 (FACL2, pZ 0.012);
0.92 (PBP, pZ 0.007); 0.88 (GDF15, pZ 0.013); and 0.61 (ADM,
pZ 0.014), which were further converted to fold changes as
follows: 3.68, 1.84, 1.85, 1.89, 1.84, and 1.53, respectively. For
each gene, the averaged fold changes generated by microarray
analysis and those by RT-Q-PCR were plotted at x- and y-axes,
respectively. (B) Six placental samples were used to analyze
the differential expression of two representative genes, ADM
and GDF15. The placental tissues obtained from laboring
women expressed higher levels of 14-kDa ADM and 16-kDa GDF15
than those from the nonlaboring group. Both results were
in agreement with the results of cDNA microarrays. ADMZ
adrenomedullin; ANPEPZ alanyl aminopeptidase; CZ Caesar-
ean section, nonlaboring group; DEFA4 = Defensin, alpha 4;
FACL2Z fatty acid-coenzyme A ligase, long-chain 2;
GDF15Z growth differentiation factor 15; NZ normal vaginal
birth, laboring group; PBP = platelet basic protein; Rt-Q-
PCRZ real-time quantitative polymerase chain reaction.
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(toll-like receptor 4, suppressor of cytokine signaling 3, G-
protein signaling modulator 3, syndecan binding protein);
inflammatory responses (arachidonate 5-lipoxygenase-acti-
vating protein); transcription regulation (v-ets erythroblas-
tosis virus E26 oncogene homolog 2; brain abundant,
membrane-attached signal protein 1); apoptosis regulation
(CASP8- and FADD-like apoptosis regulator, p53 induced gene7); fatty acid metabolism (FACL2); fructose metabolism (6-
phosphofructo-2-kinase/fructose-2,6-biphosphatase 3); and
stimulus response (inosine monophosphate dehydrogenase
1). To obtain the integrated biological functions of a list of
genes, signature genes that were upregulated in MB were
further analyzed using the intersection algorithm of Meta-
Core, as previously reported [8,13]. As shown in Fig. 2A (p
value, 2.96 e -14), among the Top 10 biological processes
associated with genes in this network (data not shown),
inflammatory and immune responses were the most
prominent.Gene of differential expression in CB induced by
labor and functional network analysis of signature
gene expression
Using a similar method as described earlier, we chose the
Top 20 genes that were upregulated in CB during labor
(Table 3). Upregulated genes in CB are involved in immune
responses (T cell receptor beta locus, FK506 binding protein
8); transcription regulation [nuclear factor (erythroid-
derived 2), nuclease sensitive element binding protein 1,
delta sleep-inducing peptide, immunoreactor]; and signal
transduction (neurotensin receptor 1; phosphatidylinositol-
4-phosphate 5-kinase, type II, alpha; protein pleckstrin
homology domain containing, family G, member 3). Func-
tional network analyses (p value, 4.10 e -12) were per-
formed on signature genes that were upregulated in CB
(Fig. 2B). Among Top 10 biological processes associated
with genes in this network (data not shown), response to
stress, response to external stimulus, and regulation of
cellular and biological process were the most prominent.Gene of differential expression in placenta induced
by labor and functional network analysis of
signature gene expression
As listed in Table 4, upregulated genes in placenta with labor
include several genes involved in transcription regulation
(high-mobility group box 3; TAR (HIV) RNA binding protein 1;
mammalian gene collection 2306; mesenchyme homeo box
1; myeloid/lymphoid or mixed-lineage leukemia trans-
located to 10, oligodendrocyte lineage transcription factor
2); translation regulation (keratin 7); vasodilatation (ADM);
plasminogen activator inhibition (serine proteinase inhibitor,
clade E, member 1); angiogenesis (thrombospondin 1);
immune responses (major histocompatibility complex, class
II, DP alpha 1); inflammatory response (epoxide hydrolase 2);
and apoptosis regulation [discs, large (Drosophila) homolog
5]. Functional network analyses (p value, 1.50 e -14) were
performed on signature genes that were upregulated in
placenta (Fig. 2C). The Top 10 biological processes associ-
ated with genes in this network (data not shown) included
nitric oxide transport, gas transport, response to hydrostatic
pressure, oxygen transport, acute phase response, and
tumor necrosis factor-mediated signaling pathway. These
results were compatible with the responses to the transient
hypoxemia and hypoperfusion that occur in placenta during
uterine contractions.
Table 2 Genes and functions in maternal blood upregulated by labor
Gene symbol Gene description Gene functions Fold/p
FACL2 Fatty acid-coenzyme A ligase, long-chain 2 Fatty acid metabolism 1.76/0.00387
ANPEP Alanyl aminopeptidase Angiogenesis 1.61/0.00011
KCNJ15 Potassium inwardly rectifying channel, subfamily
J, member 15
Potassium ion transport 1.57/0.00715
PFKFB3 6-Phosphofructo-2-kinase/fructose-2,6-
biphosphatase 3
Fructose metabolism 1.56/0.00896
RGS2 Regulator of G-protein signaling 2, 24 kDa Signal transducer regulating vascular tone 1.55/0.00996
ALOX5AP Arachidonate 5-lipoxygenase-activating protein Inflammatory response 1.53/0.03863
TLR4 Toll-like receptor 4 Receptor on immune cells 1.52/0.00588
SOCS3 Suppressor of cytokine signaling 3 Regulator of immune response 1.49/0.00545
PTPRG Protein tyrosine phosphatase, receptor type, G Signal molecular regulating cellular
processes
1.46/0.02430
LCP1 Lymphocyte cytosolic protein 1 (L-plastin) Actin binding 1.42/0.03527
C6orf9
(GPSM3)
chromosome 6 open reading frame 9 (G-protein
signaling modulator 3)
Immune response 1.41/0.00663
CNN3 Calponin 3, acidic Actinomysin structure organization and
biogenesis
1.39/0.02695
ETS2 V-ets erythroblastosis virus E26 oncogene homolog
2 (avian)
Regulation of transcription 1.38/0.00011
BASP1 Brain abundant, membrane-attached signal
protein 1
Regulation of transcription 1.37/0.00234
CFLAR CASP8- and FADD-like apoptosis regulator Regulation of apoptosis, I-kB kinase/NF-kB
cascade
1.37/0.00263
PIG7 p53 induced gene 7 regulation of apoptosis, I-kB kinase/NF-kB
cascade
1.35/0.00255
SDCBP Syndecan binding protein (syntenin) Interleukin-5 receptor binding 1.35/0.01599
LIMK2 LIM domain kinase 2 Regulation of phosphorylation 1.32/0.01251
IMPDH1 Inosine monophosphate dehydrogenase 1 Response to stimulus 1.32/0.02845
COBL KIAA0633 protein Neurogenesis 1.32/0.00285
NF-kB = nuclear factor-kappa B; TNF = tumor necrosis factor.
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Gene expression profiling has generated and continues to
generate extensive information on the molecular mecha-
nisms of cellular function in particular tissues during physi-
ological or pathological events. Parturition in human is
a complex biological process that involves interactions of
neurological, hormonal, mechanical stretching, and inflam-
matory factors. The beauty of microarray analysis on gene
expression is that we can examine the function of thousands
of genes simultaneously, and we can usually discover the
genes that are regulated by the experimental condition,
either a physiological event, such as the labor course
[17e23], or specific treatments [8,24]. To our knowledge,
however, this study is the first one to simultaneously analyze
the labor effects on transcriptomes of the maternal, fetal,
and placental compartments.
Although usually psychologically rewarding, labor and its
associated pain are arguably the most physically painful
events in a woman’s life. Functional genomics of parturition
had been studied in several different species, including mice
[17], rats [20], sheep [25], and humans [26]. Previous studies
have focused on the effects of labor on differential gene
expression profiles with genome-wide studies of different
human tissues, including the myometrium [19,21,26e29];
various parts of uterus in the same pregnant women (uterinefundus, lower segment, and cervix) [18]; chorioamniotic
membranes [22,30]; MB [22]; and placenta [23,31]. Overall,
the genes involved in immune pathways, inflammatory
processes, hormones, and components of the extracellular
matrix have been found to be very important during labor
because of their differentially expressed gene levels.
Differentially expressed genes in placenta during
labor
In placental tissues, labor increases the expression of genes
involved in placental oxidative stress, inflammatory cyto-
kines, angiogenic regulators, and apoptosis [31], and regu-
lates the genes involved in placental hormone metabolism
[23,32]. Similar to previous studies, we found that the
genes upregulated in placenta by labor were involved in
angiogenic regulators, immune response, inflammatory
response, and apoptosis. Because transient hypoxemia and
hypoperfusion occur in the placenta during the uterine
contractions of human labor [33], the biological processes
involved in gas transport and response to hydrostatic pres-
sure are important to ensure sufficient oxygen and blood
perfusion to the fetus.
High-mobility group box 3 and thrombospondin 1 have
been previously found to be upregulated in placentas after
labor [31]. ADM is involved in the biological process of fluid
Figure 2. MetaCore functional network analysis in differentially expressed genes activated by labor in three compartments. (A)
The functions of root genes (shown as blue solid circles) that were upregulated in maternal blood (also listed in Table 2) were
analyzed in the networks using the MetaCore program. (B) The functions of root genes (shown as blue solid circles) that were
upregulated in cord blood (also listed in Table 3) were analyzed in the networks using the MetaCore program. (C) The functions of
root genes (shown as blue solid circles) that were upregulated in placenta (also listed in Table 4) were analyzed in the networks
using MetaCore program.
Table 3 Genes and functions in cord blood upregulated by labor
Gene symbol Gene description Gene functions Fold/p
NTSR1 Neurotensin receptor 1 (high affinity) Signal transduction 1.86/0.04510
TRB@ T-cell receptor beta locus MHC binding for immune response 1.66/0.00185
FKBP8 FK506 binding protein 8, 38 kDa Immunoregulation 1.62/0.00996
HEMGN Hemogen Cell differentiation, multicellular
organismal development
1.61/0.01108
PIP5K2A Phosphatidylinositol-4-phosphate 5-kinase, type II,
alpha
Regulate signal transduction pathways 1.52/0.01733
KIAA0599
(PLEKHG3)
KIAA0599 protein (protein pleckstrin homology
domain containing, family G, member 3)
Regulation of Rho protein signal
transduction
1.50/0.03721
HIST1H2BK Histone 1, H2bk Chromosome organization 1.49/0.00878
GYPA Glycophorin A (includes MN blood group) Biological process 1.48/0.02603
NFE2 Nuclear factor (erythroid-derived 2), 45 kDa Transcription factor 1.43/0.00251
MKRN1 Makorin, ring finger protein, 1 Biological process 1.42/0.03544
HIST1H2BD Histone 1, H2bd Nucleosome assembly 1.42/0.03466
TOB1 Transducer of ERBB2, 1 Negative regulation of cell proliferation 1.39/0.02632
TIMM8A Translocase of inner mitochondrial membrane 8
homolog A (yeast)
Protein transport 1.38/0.03556
LOH11CR2A Loss of heterozygosity, 11, chromosomal region 2,
gene A
Negative regulation of cell cycle 1.35/0.01318
NSEP1 Nuclease-sensitive element-binding protein 1 Regulation of transcription 1.35/0.02277
SLC4A1 Solute carrier family 4, anion exchanger, member 1 Anion transport 1.35/0.03619
CPB1 Carboxypeptidase B1 (tissue) Proteolysis 1.34/0.00341
SLC13A3 Solute carrier family 13, member 3 Ion transport 1.33/0.02490
LGALS9 Lectin, galactoside-binding, soluble, 9 (galectin 9) Positive regulation of I-kB kinase/NF-kB
cascade
1.32/0.03767
DSIPI Delta sleep-inducing peptide, immunoreactor Regulation of transcription 1.32/0.03368
MHC = major histocompatibility complex; NF-kB = nuclear factor-kappa B.
Table 4 Genes and functions in placenta upregulated by labor
Gene symbol Gene description Gene functions Fold/p
GDF15 Growth differentiation factor 15 Growth factor 1.85/0.00798
HMGB3 High-mobility group box 3 Transcription regulation 1.74/0.00223
SERPINE1 Serine proteinase inhibitor, clade E, member 1 Plasminogen activator inhibitor 1.54/0.00906
ADM Adrenomedullin Vasodilatation 1.49/0.02415
TGM2 Transglutaminase 2 Protein metabolism 1.47/0.04640
LOC56930 Hypothetical protein from EUROIMAGE 1669387 Regulation of transcription 1.47/0.00936
KRT8 Keratin 8 Cytoskeleton 1.46/0.01114
TARBP1 TAR (HIV) RNA binding protein 1 Transcription regulation 1.41/0.02757
DLG5 Discs, large (Drosophila) homolog 5 Regulation of apoptosis 1.39/0.02462
GM2A GM2 ganglioside activator protein Glycolipid transport protein 1.37/0.02323
KRT7 Keratin 7 Regulation of translation 1.36/0.00808
HSPCA Heat shock 90 kDa protein 1, alpha Response to stress, signal transduction 1.36/0.01352
MGC2306 Hypothetical protein MGC2306 Regulation of transcription 1.33/0.04411
EPHX2 Epoxide hydrolase 2, cytoplasmic Inflammatory response 1.32/0.04523
HLA-DPA1 Major histocompatibility complex, class II, DP
alpha 1
Immune response 1.32/0.02976
MEOX1 Mesenchyme homeo box 1 Regulation of transcription 1.32/0.00070
MLLT10 Myeloid/lymphoid or mixed-lineage leukemia
translocated to 10
Transcription factor activity 1.31/0.02379
OLIG2 Oligodendrocyte lineage transcription factor 2 Regulation of transcription 1.31/0.01399
THBS1 Thrombospondin 1 Platelet aggregation, angiogenesis, and
tumorigenesis
1.31/0.01967
DAG1 Dystroglycan 1 (dystrophin-associated
glycoprotein 1)
Protein complex assembly 1.31/0.01404
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it has been proposed that ADM controlled vascular tone at
the local level to regulate uteroplacental-fetal circulation
[35]. GDF15 is a subgroup of the large transforming growth
factor-beta family [36]. It has been reported that there is
no significant difference in GDF15-staining distribution or
intensity in the placentas between women in labor and not
in labor [37]. On contrary, our observations by microarray
and Western blot argue for a role of GDF15 in the regulation
of labor. More studies are needed to clarify the role of
GDF15 in laboring placentas.
Differentially expressed genes in MB during labor
The only report on gene expression changes in MB during
spontaneous labor seems to show a much smaller inflam-
matory response [22]. In contrast to previous reports, our
results suggest that gene regulatory processes involved in
inflammatory and immune responses are very important in
MB during labor.
Toll-like receptors are well-known critical proteins
linking innate and acquired immunity [38]. Suppressor of
cytokine signaling 3 mRNA and protein are generally
present at low levels in unstimulated cells, and it is induced
rapidly in response to cytokines [39].
By MetaCore network analysis, differentially expressed
genes in MB in the labor group are involved in the I-kB
kinase/nuclear factor-kappa B cascade and the cytokine
biosynthetic process, which are important in immune and
inflammatory processes. Human labor and associated labor
pains usually increase maternal stress and immune system
activity, which can trigger inflammatory responses and put
them at risk of premature labor and preeclampsia [40]. As
uterine contractions during labor may be the most painful
event in life, the stress can affect cardiovascular, meta-
bolic, and immune homeostasis, so that individuals can
survive under these stressful conditions.
Differentially expressed genes in CB during labor
Among the genes upregulated in CB during labor listed in
Table 3, there are two genes, T cell receptor beta locus and
FK506 binding protein 8, which are involved in immune
responses. Uterine contractions during normal labor can
affect fetal oxygen saturation [41], which is stressful for
the fetus and can lead to fetal heart beat deceleration,
hypoxia, or even death. Although there are no available
reference data on differentially expressed genes in CB
during labor, our results suggest that gene regulation
involved in the immune response is also very important in
fetal blood during labor under stressful conditions.
Differential impacts of labor on transcriptomes of
the maternal, placental, and fetal compartments
Interestingly, when comparisons were made among MB,
placental tissues, and CB, there were few overlapping
genes in the lists (Tables 2e4) of top differentially
expressed genes, suggesting that the effects of labor pain
on these three compartments may be through different
pathways.Concluding remarks
In our study, we are limited by the fact that we cannot
completely separate the effect of labor and related pain or
stress on the differential gene expression in the maternal-
fetal-placenta compartments. However, there is no doubt
that both the labor-associated pain/stress and labor
provide the basis for gene regulation during parturition.
Our study has identified several known genes that are
involved in inflammatory and immune pathways, additional
novel genes involved in different biological functions, and
several signaling pathways to be regulated in maternal-
fetal-placental compartments during labor. It extends
previous data indicating that there are distinct pathways
that are involved in differential gene expression among the
maternal-fetal-placenta compartments during labor, and
some of the complex interactions between these factors
remain uncertain and warrant further study.
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